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Figure 3d - SPACEWAY into IRIDIUM Uplink Using Satellite Diversity
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Figure 3e - SPACEWAY into IRIDIUM Uplink Using Satellite Diversity
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Figure 3f - SPACEWAY into IRIDIUM Uplink Using Satellite Diversity
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Figure 4a - SPACEWAY into IRIDIUM Uplink Using Site Diversity
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Figure 4b - SPACEWAY into IRIDIUM Uplink Using Site Diversity
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Figure 4c - SPACEWAY into IRIDIUM Uplink Using Site Diversity
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Figure 4d - SPACEWAY into IRIDIUM Uplink Using Site Diversity
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Figure 4e - SPACEWAY into IRIDIUM Uplink Using Site Diversity
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Figure sa - SPACEWAY into IRIDIUM Uplink Using Path Diversity
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Figure 5b - SPACEWAY into IRIDIUM Uplink Using Path Diversity
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Figure 5c - SPACEWAY into IRIDIUM Uplink Using Path Diversity
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Figure 5d - SPACEWAY into IRIDIUM Uplink Using Path Diversity
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Figure 5e - SPACEWAY into IRIDIUM Uplink Using Path Diversity
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Co-DIrectIonII FNquecy ...........n NOlO MEO..Feederllnks and

GSO SatellIte Syatem ServIce and Feedwrftnks OpenItIng In "'e 30/20 GHz land

1.0 Introduction

The Informal Working Group 4 (IWG-4) of the FCC Industry Advisory Committee for the
1995 World Radio Conference (WRC-95) h. been looking at the potential for co
directional freq..-,cy ItwitIg between NOSO MeS feedertinks and various FSS satellite
systems. This PIIPIIf~ piWiminary "ysis and results examining feasibility of co
diredional frequency sharing between one particular example of anNGSO MSS system
and its feederlinks and a typical GSO FSS system in the 3Of.Z0 GHz band. Previous
studies have eX8mined co-directional freql*\CY sharing between NGSO MSS feederlinks
and NGSO satellite systems. Other ongoing efforts seek to e,.,.ine the fMeibility of co
diredional frequency Ifwing between various low earth orbiting NGSO systems'
feederlinks with GSO FSS systems. In this study, a medium earth orbiting satellite system
was chosen as the NOSO system to be eX8mined as such a system has several different
charaderistics from its low earth orbiting counterparts that merit examination.

The NGSO system used in the analysis is delign8ted as LEO B Non-GSOIMSS in Table
2.1.1 of the Task Group~ Contribution to ..Consolidated CPM Report to the WRC-95.
It is a medium eerth orbit constell8tion with • to4lal of 12 l8teHites, uaing 4 satellites in eech
of 3 orbit planes at an orbital height of 10.355 km. With the limited number of satetlites,
the significantly higher 8ftitude when compered with other NGSO systems, and the
sub8equentty tonger dwetI tirMs of the satellites for possible "in-line" interference events,
this MEO NGSO system provides a very diflNtrent set of parameters for inveltigBtion into
the co-diredional frequency sharing i.... The ..lected eX8mple Ka-bllnd GSO FSS
system is that which is described in detail in Doa.ment 4A155-E, 4-5193-E dated 10
November 1994. The satIefIites use both rwrow spot beams and wider 3 degree beams
for a variety of communiallions I8fVjces. SimuMltion results of these systems and their
interactions in "in-line" kIterferenoe events provides valueble information into the feasibility
of co-directional frequency sharing between these types of systems at 30120 GHz.

2.0 Technical Ch.-acterlstlcs of Satellite Systems

The orbital characteristics of the MEO NGSO satellite system examined in this study ••
given in Tabfe 2.1. This system is a proposed non-geostetionary orbit censtellation
comprised of a total of 12 satelUtes in circufw medium 8wth orbit at an altitude of
10,355 km. These ...Iites are in 4 orbit plenes at an inclination of 50 __so The
GSO FSS satetlite system uses 9 satetlites in geostationary orbit in five diffwent orbital
10000000s spaced~ the globe for pt,.. 1 of its deployed gtobal network .. is shown
in Table 2.1. The necessary satellite and earth stationlfeedertink parameters are given
in Tables 2.2 through 2.5.

1



Tab'. 2.1 • Orbftaf Parameters

....u..., LIO.~..) G80FSS

SMpe of OrbIt Circular Circular

Height(km) 10,355 35,716

inclination Angle 50° 0°

No. Of se...... per Plane 4 -
o.IIIIJ PIIInea 3 1

S............n in PI8ne 10° -
S...... PttIIIing ....n Planes 30° -
ToIUt Number of...... 12 9

s.teIlle lOC8lons 25°E, SOoW, 101 oW,-
175°E,110oE

Tete 2.2 • GSO FII Satetlite Parameters

hceivePa.........n _nowlpot ww.lpot comment... .....
R.-. FrequenG¥ (GHz) 28.5GHz 29.5QHz

S8tetIle ReceiYe Antenna Glin (dBI) 46.5 (41.5 EOC) 35 (30 IEOC) EOC-edge of Covwage

Receiva SytItem Haile Temp. (dB-K) 27.6 27.6 575.44 eK

Receiwe GIT (cfM() 18.9 (13.9I!oo) 7.4 (2.4 Eoo)

Receiwe Chllnnellandwidth (kHz) 500kHz 500kHz 384 kbps UMr data rate

.....Pc*rIDtIon RHCIlHC RHCJLHC

T,......py,....n

Transmit Frequency (GHz) 19.5 GHz 19.5 GHz

Transmit Power per beam (deW) 13.01 (20W) 17.78 (lOW) Each beam carrin a 92
Mbpa QNK modulated

TDMdatastream

T,.... line a.- (dB) 0.5 0.5

satB.. JCnIIt Peak AnlMma Olin (eIIi) •.5 (41.5 iCC) 35 (30EOC)

.sateIII8)(m1t Peak~ (..., 59.01 (Sot EOC) 52.3 (47.3 IEOC)

..... )(mit Sifnal Bandwidth (MHZ) 120 MHZ 120 MHZ 92 Mbpa TOM data
channel

Satellite Xmlt Signal Polarization RHCJLHC RHCIlHC
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Table 2.3· MIS MEO (LEO IS) s-teilite Parameters

Receive ...,....,. v..... comment
ReceMt Ft1IqU8nCy (GHz) a.5GHz

s.teIlite Receive Pellk Antenna GIin (dSO 38.8 3M,.",lystM"" duaJ.band
Ka-band antenn.

Receive System Noise Temp. (ct8-K) 32.62 1828.1 K

Receive GIT (dBJK) 6.18

Receive Channel Bandwidth (MHZ) 2.5 MHZ Faa.rlnk channel illingle 300
MHZ FOM..... composed of

108 2.5 MHZ ......... chennets

ReceIM PoIIrizIIIon LHC

Tnt...............

Trarwnit Frequency (GHz) 19.5GHz

Transmit Power per channal (deW) 1.3 (1.35W)

Transmit Line LOIS (ell) 0.5

SatelUte Xmlt P..k Antenna GItin (dBi) 35.n 3 stHrabie dual-bend antenna

....".. Xmit Peak EtFtP (dlW) 38.57

Satellite Xmlt Channel Bandwidth (MHZ) 2.5 MHZ sub-band of 300 MHZ FOM
lignal

Satellite Xmlt Signal Polarization RHC

TIIbIe 2.4 - GSO FSS Earth Station Parametera

RaceMt ............. NamMlpot WldaSpot Comment..... ......
Receive Frequency (GHz) 19.5GHz 19.5GHz

EIS Antenna Diameter (rMIlars) 0.• (28 inch) 2 (6.6 feet)

EIS Receive Peak Antenna Gein (dII) "2.86 51.81

Receive System Nolle Temp. (d8-K) 2..... (275... K) 2..... 28.59 dI-K In rain

Receive GIT (dM() 18.58 27."1 16.37,25.22 in rain

Receille Channel Bandwidth (MHZ) 120 MHZ 120 MHZ 92 Mbps TOM a.;QPSK

Receive Polarization RHCILHC RHCILHC .

3



__l __

TIIbIe 2.4 (Continued) • GSO FSS EMh Station P.,..mete,.

T....... ' ......,. .....- NIItTOWlMm C......

Transmit Frequency (GHz) 2t.50Hz 2I.5GHz

AntMna SiZe (m) O.86m 2m

EIS Xrntt Power for 314 kbps seMce -3.01c8W (.5W) 3.01 dlJW (2W)

TI'8MI'nIt Line Lola (dIJ) 0.5 0.5

EI8 XmI Peak Ar*nM 0IIIn (d8) ~.45 53.30

EI8 XMIt ...."EIRP (dIW) 40.104 55.81

EIS Xmft Sign.' Bandwidth (kHz) 500 kHz 500kHz 384 kbpe d... ; QPSK
mod

!IS Xmft SIgna' Polarization RHCJlHC RHCILHC

T.bIe 2.1 • MSS .EO (LEO .) Feedertlnk Earth Station Parameters.....,........,. v.... c......nt

flteceive Frequency (GHz) 19.5GHz

FHdertlnk E1S AntennII SIze (meters) 7 meters (23 ft)

I!IS Receive Pe.k Antenna Gain (dIi) eo.8

Receive System Nolle Temp. (dB-I<) 28.17 414K

Receive Grr (d8JK) 34.63

Receive Channel Bandwidth (MHZ) 2.5 MHZ FHderIInk channel _lingle 300
MHZ FDM'" compoaed of

108 2.5 MHZ IUb-blInd channeIa

Receive PolariZation RHC

T,......'.......,.
TrMImI Frequency (GHz) a.50Hz

Transmit Power per channel (dIW) 3.01 (2W) Power per 2.5 MHZ chMnel

Transmit Une Lola (dB) 0.5

I!IS XmI !'eM Antenn. GIin (dIt) 64.8 7-meter antenna diameter

lIS XmI,.. ElRP (dBW) 67.31

!IS XmIt Channel .,....... (MHZ) 2.5 MHZ sub-band of 300 MHZ FOM .vnal

EIS XmIt Slgn.I Polartzatton LHC
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3.0 Interferenc. Analysis

Non-geostlltiorwy ....,.. .... in continuous motion with respect to geostationary
satellites. This time-varying geometry gives rise to a number of short duration "in-line"
interference events for both the Non-GSa and GSa networks. The in-line interference
event will occur whenever the Non-GSa satellite pesses through the main beam of a given
geostationary ....ffte. The duration and the levef of interference of such in-line
interference events will be dwrer-nt for each Non-GSO system. The LEO B or medium
earth orbit satellite system examined in this analysis is further characterized by a much
higher attitude Met "t'*'ltly a much longer dwelt time for these in-line events th8n
with the NGSO LEO Throughout the discuuion and results, the LEO B system
is referred to as the MEO MSS system.

A computer aimuletion of the worsl..ceM, singI Itt y, in-line interference events of the
MEO MaS satelNte _em .-ad • GSOFSS Iite s,1tem in the 30120 GHz band was
performed. Particul'.-Iy, the interference between the MSS feederlinks of the MEO MSS
system and the FSS ..rvice and feederlinks of the GSO system are characterized. A
wor'It CM8 scenario ie -..ned in wtIic:h the GSO FBS user t.-minef and the MEO USS
fll_link Mrth ..ion ....nialty co-Iocatfld. At some time dwring its orbit, a MEO
MIS ...,.. .., 1Ieng the line of s91t (LOS) bellMen the GSO FSS user terminal
and the GSa FSS ,1IIl Conversety,.,·......CM8 occurs when the GSO FSS
speoeoraft 1lPP'" directty behind the MEO MSS spacecraft and is in the main beam of
the MEO MaS t.lderlink ..-th station. Four possible interference situations were
considered separMefy:

(1) one MEO.-s feederlink -'" station interfering with a G,EO FSS s..lllite;
(2) one GSO F88 eerth station interfering, with a MEO MSS satellite;
(3) one MEO M8S satetlite interfering with a GEO FSS eerth station; and
(4) one GSO FSS satellite interfering with the MEO MSS earth station.

E8ch of these pouiIIIe interference situlltionl was examined for both a N1rrow 1 degree
spot beam on the G80 FSS ....IUte. wetl. a wider 3 deg.... beam. Additicmalfy, all
eight of these in1.8rfWW ICe C8IeI was e.mined with the co-Iocated earth stations located
at two different latitudes: a medium latitude of 34 0 North and a high latitude of 45 0 North.

Due to the time-v.-ying and intermittent n8ture of these in-line interference events, some
sort of criteria for .....ing the severity of these events was needed other than the
standard carrier-to-interterence ratio (Cn). A criteria for acceptable interference based on
an allowable~.. ratio (lINT) for a given percentage of time was utilized
as presented in the CPM Report to WRC-95, Chapter 2, section I, Part C, Subsection
3.1.2, ·Criteria for Acceptable Interference-. For 20-30 GHZ networks, these values are
as follows:
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Interference Maximum % nmt I!!xcMded

.....ibfe 0.87

O.71Ny 0.119

2·98NT 0.0294

14·8NT 0.0004

Note ttW for the .......... -.try corresponding to 0.87" of the time, an lIN,- of 0.05 (or
-12.2 dB) was uMd for C8IcuI8tion purpoees. In 8ddI;ion to these limits, ana regardtess
of whether these limits are met, interference that 8lCceeds the 14.8NT criterion may not
occur more than once in any 14 day period. These criteria are to be used for Non
GSOIMSS feedef'links if'Brfwri"l with GeOIFSS netwot1<s. For the GSOfFSS netWorks
interfering with the Non-GSOIMSS feedertinks, the seme set of criteria WIllS assumed to
be applicable.

The computer simullltiOM of the MEO MSS versus GSO FIS systems were petformed
using standard entenne PIIItemS and the system parameters given in section 2 of this
paper. The atgorithms tmptementing the engineering equlltioni

' that delcribe these
interference events developed using the Metheaett computer package on a
~ J* computer. The MEO MSS sateUfte system WM simtMated
over a 24 hour period • it has a repeating ground tr8ek over thllt period of time.
Additionally, this period was divided into equal 2 second time intervals to simulate the
interference events. As the dwell time of the MEO MSS satemtes is rather lengthy in
comparison to the~ LEO NOSO satellite systems (i.e., the MEO MSS sstellites move
across the sky at a s.......'y slower rate), this time interval should be more than
sufficient to capture the peM interference levels and to adequately characterize the in-line
interference events.

The antenna ptIlWns UIIICI in this analysis ..given in AppendiX A to this report. The off-
axis antenna G8'n ptItteI'l ueed for the ,ite antennas is that which is described in
1TU-R Report 558-3. The wth station off ...,... patterns correspond to the pattern
presented in Appendfx 29, Annex III of the Radio Regulations.

4.0 InterfeNnee~ ReeuIts

The results of thei~ analysts .e presented in Tables 4.1 through 4.9 and
Figures 4.1 through 4.4. T.... 4.1 through 4.8 summarize the percentage of time that
the permissibfe lINT is exceeded for each interference case and show the maximum
continuous time in minut. that the particular interference level is exceeded on eech of the
four interference paths. The shaded blocks in Tables 4.1, 4.3, 4.5, and 4.7 show those
cases where the lINT criterion was not met for each interference scenario. Table 4.9
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shows the peIIk.... d .. UN,. rMioI in cIS ......... Oft 88Ch of the four interference
paths for each latitude 8nd GSO FSS spot beam size. The v.lues in parentheses show
the amount by which the aflowable lINT was exceeded for each case.

Table •.1 • P~nt 1'ItM Interfwence Level Is Exc..-.:IFor M 0 N Latitude and
Narrow Spot Beams on the GSO SpIlC8Craft

fnterfentnce
Levef

(frHiIon of Nr)

G!eoSIC
Receiver

MEO SIC
Receiver

GEOEIS
Receiver

MEOEIS
Receiver

1=2.98*NT

1=14.8*NT

0.87%

0.11~

O.OCJ('M%

TIIbIe ••2 • Matnun Continuous Time (In _nut..)That Interference Level Is
Exceeded For M 0 N Latitude and Narrow Spot Be.ms on the GSO Spacecraft

Interference Level GEOSIC _0 lie GIOIIS MEO EIS
(fraction of Nor) lIIKeI¥er Recei".,. Receiver Receiver

1=.06"N.r 7.70 8.03 16.57 6.53

1=O.78*NT 2.77 2.87 5.93 2.33

1=2.98*NT 1.60 1.67 2.97 1.36

1=14.8*NT 0.87 1.00 2.20 0.73

Table ••3 • Percent nme Interference Level Is exceeded For 45 0 N Latitude and
Narrow Spot B.ams on the GSO Spacecraft

fnterftnnce Max GI08lC MEOSle OEOEIS MEOEIS
Levef ~d Receiver Receiver Receiver Receiver

(fraction of N,) " 1'tIne

1=·06*NT 0.87% 0.585 0.589 0.479

1=0.78*NT 0.111%

1=2.98*NT 0.0214%

1=14.8*NT 0.0004%
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T"'''.· COIeIuou8 111M fin )".1............. L.... Is
Exc••ded 'or 41° N MId Nmow Spot on the 010 s,.cecl'llft

lnteI't'entnce GIOIIC MIOtIC OEOI/S MBOEIS
Level Rec.... Receiver Receiver Receiver

(fraction of NT)

1=.06~T 8.13 8.20 17.03 6.90

1=O.78~T 2.90 2.97 6.10 2.50

1=2.98*NT 1.70 1.70 3.13 1.43

1=14.e.,.,. 0.90 1.03 2.30 0.77

T......1 • 'erc.nt ThM ...., no. LfteI .. BlCMdtld For 34· N Latitude and
WIlIIIIIIpot on the GBO Spacecraft

I".........
Lewl

(fraction of NT)

1=O.78*NT

1=2.98*NT

1=14.8*NT

..
AI••d
%TIIM

0.8N

0.119%

0.0214%

0.0004%

ClEO SIC
RIte• ..,.

MEOSle
.....tvw

0.e15

GEO !IS
RKeiver

0.822

Table ••1· Maximum ContInuous Time (In Mln!utes) That Interference Levells
Exceeded For 34· N latitude and WIde Spot "arna on the GSO lpKecl'llft

Int.rference GI!OSIC MEOSIC GEO ElS MEOEIS
L.v.1 .....y.r R.celver Rec.iver Rec.iv.r

(fraction of Nr)

1==·06*NT 2.67 11.73 11.83 3.50

1=O.78~ 0.93 4.20 4.27 1.27

1=2.98~T 0.53 2.47 2.47 0.73

1=14.8*NT 0.20 1.30 .1.03 0.27
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T'" 4.7 • Percent TImeItD"~lwei" Exc..... For 45° N LatItude ..d
WIele !pot .... on ... CISO 1pKee..n

lm.rfeNnce
LAveI

(fNaIIon of ~)

1=O.78~

1=14.8~

Max
AIoceld
,.. 111M

0.87%

0.11'"'-

0.0214%

GEOSIC
AIoetver

MEOIIe
~r

0.836

GEOEIS
Aaoeiver

0.843

MEOEIS
R8ceiver

Table 4.8 • Maxfmum ConInuou. TlIM (I" MInut_) That Interference Level Is
Exceeded For 45° N LMitude and Wide Spot Beams on the GIO Spacecraft

Interference GIIOIIC MEOIIC GEOIIS MICElI
Level Receiver Reoel"er Ill..... Receiver

(fraction of NT)

1=·06"'NT 2.83 12.03 12.13 3.73

1=0.78"'NT 1.03 4.30 4.37 1.33

1=2.98"'NT 0.56 2.50 2.57 0.77

1=14.8"'NT 0.23 1.33 1.10 0.30

Table 4.9· PNkIlNr (In dB) experienced For Each linterference Ca.e

Latitude BeMn'" GIOSIC MEOSIe GIOEIS MEOEIS
Receiver AIe.,"r "-elver "'CeMr

34° N Narrow Spot 37.4 15.8 20.4 31.7
(25.7) (4.1) (8.7) (20.0)

45° N Narrow Spot 37.4 15.3 19.9 31.6
(25.7) (3.6) (8.2) (19.9)

34° N Wide Spot 25.9 30.7 29.3 24.9
(14.2) (19.0) (17.6) (13.2)

45° N Wide Spot 25.9 30.2 '28.8 24.9
(14.2) (18.5) (17.1) (13.2)
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For the c....... the ..-ttl stations we oo-IocMul • 340 N, the PMk in-line
interferwa event occura .... the MEO MIS~ it •• aublatitude of 8.51 0 N.
VVhen the two .-th IIattons.. co-Ioc8t«I at 45- N, ..PMk in-line interference event
occurs when the MEO MSS sp8C8a aft is at a sublatitude of 10.61 0 N.

looking at TIIbIeI4.1 8, it is obvious th8t the CII.. invotvlng the narrow tpOt bHms
from ..GSO FSS ••11 worM, in gerwaI, .., tholec-. involving the wide spot
be.",. on the GSO FIS lit. when interf«ence into the GSO .ellite receiver and
,....,..a into..MEO MIS ..., Italian r1IOIMIr..oonIidINd. Thecon~ is true
for the ca_ irwoIWinI IpDt _rna on ... GIO FaS sat.llite, tNt-. the
if........1'*)"taO_ ,..,.,.,... the GSO FSS earth station receiver
...... This •••,. to be true d --. station latitude. For the higher
....JLJttfJl•••, tie ......... tit.~ ........._.,rAW (almost negligibly)
........while.. J:*.~It time the intwfelence level is exoelded rises slightly. Thus, the
errecta of earth station latitude are negligible.

In addition to the ~I., Figures 4.1-4.4 show grIIphically the worst case interference
ICIfWio into the Gao F88 ,. receiver for MCh of the poMibie latitude'spot bMm
COIi"_•. Noll graphs .. 1ho\w1 in cIS n dIPct only the worst 2 1l1I11Ute
time ........... in a given MtD.r' period. Thus, the line corNIPO"ding to the -12.2 dB and
-1.1 dB criteria...to be exceeded 100% of the time, which they are in this 2 minute
intervaf, but cIearty are not for the 24 hour period in question.

1.0 Intwrfereftc••'....tion

E81ier arwIyMS Md computer simulation results described in the document showed that
YrI hiIh ...... d if....,.... can OCCU' bel\r the non-GEO medum ..... orbit (MEO)
MSS system and a GEO FSS system if they the same frequencies in the 30120 GHz
band. For .-mpIe, dUring an -in-line- it rterference event in which the mainb.am of a
tracking MSS fe.dertink _ion is rnornenwity pointed directly into the rNIinbMm of a
GSO ...1IitII • a ..... _tracking a moving MEO .....lit., uplink interference from the
fMderIink IIIItion at the GSO satellite receiver cen exc:eed the maximum allowable value
by almost 26 • far about a minute. Ir'IterfeNnce on other interference peths is aIeo
~ high, both in terms of peak value 8'ld dlntion • incIcaIed in Tables 4.1-4.9.

To mit............-....., I8V8f1If methods .... considered. For example, to solve the
problem d MSS ,..dertInk interference into the GSO .ellite receiver on the upfink. one
might cor...,11IIllg., exduaion zone .ound the MSS feederlink terminal and avoid
pointing..mainb.m db GSO .....ite spot bMm -.ywhere within this exclusion zone
(i.e., u. the diaa'iminlltion of the GSO satet.ite antenn8 to achieve the necessary
isotation). Unfor1unIItety, the interference from the feedertink terminal i. so high in this
C8M that 26 dB d cllaimination is n••ded from the GSO .....ite anteMa. This
......... into ., excIuIion zone around the MSS feederlink earth station which is fHMrty
as large as the U. S. itself. This is indicated by the -25.7 dB gain contour of the GSa
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